Background: Nausea and vomiting are undesirable outcomes during the postoperative period. Vomiting may cause life-threatening pulmonary aspiration, as the airway reflex may not be fully restored postoperatively due to the residual effects of anesthetic and analgesic medications. Objective: The aim of this study is to determine the effective dosage of haloperidol against nausea and vomiting, as well as its adverse effects. Materials and Methods: A total of 250 female patients between the ages of 19 and 70, who were admitted for laparoscopic abdominal hysterectomy, were included in this study. The patients were randomized into five groups: placebo (n = 50) (Group I), haloperidol 2 mg (n = 50) (Group II), haloperidol 1 mg (n = 50) (Group III), haloperidol 0.5 mg (n = 50) (Group IV), and haloperidol 0.25 mg (n = 50) (Group V). The patients' duration of anesthesia, duration of surgery, and nausea/vomiting scores were recorded, along with the antiemetic agents used. The Aldrete's recovery scale was used as the postoperative recovery criteria.
Introduction
Nausea, which can occur in isolation or be accompanied by vomiting, is a subjectively discomforting condition. It is also one of the most commonly observed complications following regional and general anesthesia [1, 2] . Persistent nausea and vomiting can lead to dehydration and electrolyte imbalance, both of which may delay patient discharge following same-day surgeries. Repeated This article is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND) (http://www.karger.com/Services/OpenAccessLicense). Usage and distribution for commercial purposes as well as any distribution of modified material requires written permission. DOI: 10.1159/000503382 vomiting can increase venous pressure, which may increase bleeding under the skin flap. Since the residual effect of anesthetics can result in depression of the airway reflex, postoperative vomiting is also associated with a high risk of pulmonary aspiration [3, 4] .
Anatomical studies have shown that the reticular formation is the primary motor pathway for both the visceral and somatic effects of vomiting. This area is located within the lateral formation, which is situated very closely to the tractus solitarius in the brain stem. Electrical stimulation of the vomiting center and the tractus solitarius immediately triggers a vomiting reaction [5] . Damage to this center or its removal prevents the vomiting reaction caused by apomorphine and direct chemical stimulation. Stimulation of other areas within the central nervous system can also affect the vomiting center. These stimuli may involve the afferents originating from the chemoreceptor trigger zone (CTZ) found in the high cortical centers and the area postrema. Other stimuli from the pharynx, gastrointestinal tract, and the mediastinum may also impact on the vomiting center. The area postrema in the brain stem contains receptors for dopamine, opioids, serotonin, and 5-hydroxytryptamine, while the nucleus tractus solitarius is rich in enkephalin receptors as well as histaminic and muscarinic cholinergic receptors. These receptors play an important role in transmitting stimuli to the vomiting center [4, 5] .
The CTZ is a chemoreceptor area found in the area postrema, on the floor of the brain's fourth ventricle. This is an area outside the blood-brain barrier. The CTZ functions as a station which transmits all of the sensory stimuli coming from the central nervous system and most of the stimuli coming from the periphery to the vomiting center. The vomiting center is found on the floor of the fourth ventricle, immediately next to the CTZ [6] .
Nausea and vomiting are affected by patient-related factors such as age, sex, obesity, anxiety gastroparesis, and surgery-related factors including the duration of surgery, the anesthetics used, the methods used to induce anesthesia, postoperative pain, anticholinesterases, and opioids used [7] .
Butyrophenones are neuroleptics discovered by Janssen toward the end of the 1950s. They are pharmacologically similar to piperazine compounds and possess strong antipsychotic effects. While they exert sedative effects, they have no anticholinergic effects. Droperidol and haloperidol are two neuroleptic agents with both antiemetic and antidopaminergic effects [8] . The effects of haloperidol begin strongly following its administration and last for about 3 h.
Büttner et al. [9] conducted a meta-analysis on "haloperidol's minimal effective dose" for nausea and vomiting. They reported haloperidol parenteral single doses between 1 and 2 mg as efficacious, with minimal toxicity.
Our aim in this study is to investigate the effectiveness of haloperidol, a butyrophenone derivate, on nausea and vomiting, its optimum dose, and side effects.
Materials and Methods
Following the approval of the study by the ethics committee, written informed consent was obtained from all of patients participating in the study. This randomized clinical trial study was conducted on 250 female patients aged between 19 and 70 years, belonging to the American Society of Anesthesiologists (ASA) physical status classification I-II scheduled for laparoscopic abdominal surgery. Patients with lung, liver, kidney, heart, or cranial diseases, patients with planned large intestine resection, patients who had received antiemetics or had nasogastric tubes inserted for any reason 24 h before the surgery, patients with contraindications for haloperidol, or patients with opioid allergies were all excluded from the study. The Apfel risk score was taken as a basis to ensure standardization between the patients. In accordance with this classification, patients with a risk level of 40% or greater were selected. This risk score included patients with a history of motion sickness, non-smokers, female, with a history of obesity, who were expected to require opioids, and who experienced nausea and vomiting in previous surgeries. A total of 250 female patients were randomized into five groups using computer-generated codes numbered in opaque envelopes: Group I (n = 50), the control group; Group II (n = 50), the 2 mg haloperidol group; Group III (n = 50), the 1 mg haloperidol group; Group IV (n = 50), the 0.5 mg haloperidol group; and Group V (n = 50), the 0.25 mg haloperidol group. A nurse not involved in the treatment opened the envelopes and prepared the study drugs. Patients and anesthesiologists who participated in the study were blinded to the groups. Postoperative evaluations were conducted by a group of evaluators who were blind to the study groups.
All participating patients fasted for 8 h before surgery. A 0.05 mg/kg dose of midazolam was administered intramuscularly as premedication, 45 min before the surgery.
When the patients were taken to the operating room, an intravenous vascular access was established with an 18-gauge cannula on the back of their hands. An infusion of isotonic saline solution at a rate of 10 mL/kg/h was then started.
Cardiac rhythm and heart rate were monitored using three lead ECGs, while systolic arterial pressure (SAP) and diastolic arterial pressure (DAP) were measured noninvasively. Peripheral oxygen saturation was monitored using a pulse oximeter.
Anesthesia induction was performed by administering 2 mg/kg propofol and 2 μg/kg fentanyl intravenously. A 0.6 mg/kg dose of rocuronium was used as a neuromuscular blocker. Endotracheal intubation was carried out once sufficient neuromuscular block was ensured. Mechanical ventilation was initiated with a tidal volume of patients did not receive any antiemetics, while Group II patients received 2 mg of haloperidol, Group III patients received 1 mg haloperidol, Group IV patients received 0.5 mg haloperidol, and Group V patients received 0.25 mg haloperidol. At this stage, 2 mg morphine was administered as an intravenous bolus for postoperative analgesia. For patient-controlled analgesia, 30 mg of morphine HCl was added to 100 mL of isotonic saline solution and was administered. A patient-controlled analgesic device was used, with the basal infusion programmed to 2 mg/h, the lock-out period set to 20 min, and the 4-hour limit set to 20 mg. Following surgery, total duration of surgery, duration of anesthesia, and postoperative fingertip blood sugar values were recorded. The recovery of patients was assessed using the Aldrete's recovery criteria. During this assessment, the scores assigned to each case were summed, and a total score of 10 points was considered as full recovery. These criteria were repeated at minutes 5, 15, and 30. The Ramsay sedation scale was used to determine the degree of sedation. Patient satisfaction, time of flatulence, time of oral intake, time of mobilization, the application of the Lyles Quality of Recovery survey, postoperative blood sugar values, duration of hospitalization, and side effects were all recorded. Lyles Quality of Recovery questionnaire consists of 40 statements. The responses for the positive statements were on a five-Likert scale, where 5 = all of the time, 4 = most of the time, 3 = usually, 2 = some of the time, 1 = never. The responses for the negative statements were on a five-Likert scale where 5 = never, 4 = some of the time, 3 = usually, 2 = most of the time, 1 = all of the time. The total score of the scale is 200. The total score for the whole scale was calculated for every patient. Then the mean of the total score for all patients was calculated. The highest score indicates positive excellent quality of recovery from surgery, while the lowest score indicates poor quality of recovery. At postoperative minute 30 and hours 1, 2, 4, 6, 12, 16, and 24, the following information was recorded for all of the patients: heart rate, SAP, DAP, number of breaths per minute, visual analog scale (VAS) sedation degrees, patient satisfaction, and the presence/ absence of side effects. Patient satisfaction was considered poor with scores of 0-25, fair with scores of 26-50, good with scores of 51-75, and very good with scores of 76-100.
Prior to the surgery, all of the patients were informed that they might experience nausea and vomiting during the postoperative period. They were informed about the medications that can be used to prevent this. Methods for questioning and evaluating nausea and sedations scores are described below.
Nausea scores were defined as 0 = no nausea and 1 = nausea. Patients were explained that they would be asked to assign a number for their nausea and vomiting. In case of vomiting, a score of 1 was assigned, while a score of 0 was assigned in the absence of vomiting.
Patients were also informed that the sedation scores would be assigned as follows: 5 = patient does not respond to painful stimuli; 4 = patient only responds to painful stimuli; 3 = patient does not respond to verbal commands, but responds to shaking and tactile stimuli; 2 = patient only responds to repeated and loud commands; 1 = patient is sedated yet oriented, normal response to verbal commands; 0 = patients is awake.
The patients were transferred to their wards when their vital signs were deemed adequate and their Aldrete's score was at least 9. On the day following the surgery, the patients' additional antiemetic needs in the postoperative 24 h were recorded. In cases where the patients vomited and/or had nausea, or requested additional antiemetics, they were intravenously administered with 8 mg ondansetron, and the occurrence of such an administration was recorded.
Statistics
Parameters analyzed in the research were described using mean and standard deviations. Before difference analysis, normality tests were performed using Kolmogorov-Smirnov test with Lilliefors correction. Since all parameters were non-normally distributed, nonparametric tests were used. Kruskal-Wallis test was used for comparison of more than two groups. For significant differences, Mann-Whitney U test was used for post hoc tests with alpha correction using Monte Carlo test. Chi-square test was used for differences of categorical variables. Since analyses were nonparametric, alpha or Bonferroni corrections were not used for post hoc tests. All analyses were performed at SPSS 17.0 for windows program with 95% confidence level.
Results
Mean age was found to be 47 years (32-76) in Group I, 42.5 years (32-68) in Group II, 38 years (32-76) in Group III, 42 years (32-69) in Group IV, 43 years (32-69) in Group V (p = 0.218). Weight was found to be 71 kg (66-74) in Group I, 77 kg (57-89) in Group II, 70 kg (65-74) in Group III, 72 kg (66-88) in Group IV, 72 kg (66-86) in Group V (p = 0.0001). Duration of anesthesia was found to be 120 min (100-140) in Group I, 120 min (100-140) in Group II, 120 min (100-140) in Group III, 129 min (100-148) in Group IV, 120 min (100-140) in Group V (p = 0.0001). Operative time did not differ statistically between the groups (p = 0.091) ( Table 1) . Post hoc Mann-Whitney U test was performed in order to understand the reason for the differences.
Heart rates, SAP, and DAP of the patients in all five groups were compared at minute 30 and at hours 1, 2, 4, 6, 12, 16, and 25 after surgery. No significant differences were identified for these values among all the groups (p > 0.05).
The sedation scores for the five groups were compared at minute 30 and at hours 1, 2, 4, 6, 12, 16 and 25, and no significant difference was identified for the values among these groups for all time intervals (p > 0.05) ( Table 2) . Thus, post hoc test was not needed.
Assessment of nausea among the patients during the initial 2 h after surgery revealed that 13 (26%) patients in Group I, 2 (4%) patients in Group II, 7 (14%) patients in Group III, 7 (14%) patients in Group IV, and 14 (28%) patients in Group V had nausea during this period. Statistical comparisons between the groups indicated significant statistical difference (p > 0.008) ( Fig. 1 ; Table 3 ).
Assessment of nausea among the patients in the 2 to 24 h following surgery revealed the presence of nausea in 9 (18%) patients in Group I, 2 (4%) patients in Group II, 1 (2%) patient in Group III, 3 (6%) patients in Group IV, and 14 (28%) patients in Group V. Statistical comparison 
Values presented as median (range). a Kruskal-Wallis test. b Since differences between groups were insignificant, post hoc tests were not used. Sedation scores for all time intervals were not significantly different between groups (p > 0.05). Thus, post hoc test was not needed. 16 ■ Nausea (0-2 h) ■ Nausea of these groups showed a significant difference (p = 0.000) ( Fig. 1 ; Table 3 ). Assessment of vomiting scores among the patients in the initial 2 h after surgery revealed that 10 (20%) patients in Group I, 0 (0%) patient in Group II, 3 (6%) patients in Group III, 5 (10%) patients in Group IV, and 8 (16%) patients in Group V had vomiting during this period. Statistical comparison between the groups indicated a significant difference between them (p = 0.009) ( Fig. 1 ; Table 3 ).
Assessment of vomiting among the patients in the 2 to 24 h following surgery revealed the presence of vomiting in 8 (16%) patients in Group I, 6 (12%) patients in Group II, 5 (10%) patients in Group III, 1 (2%) patient in Group IV, and 6 (12%) patients in Group V. Statistical comparison of these groups showed no significant difference between them (p = 0.218) ( Fig. 1) .
VAS scores for the five groups were compared at minute 30 and at hours 1, 2, 4, 8, 12, 16, and 24, and analysis results showed that VAS score differences at the first and second hour were statistically significant (p < 0.05), whereas all other interval levels did not show any statistically significant difference (p > 0.05). Post hoc test results showed that first Values presented as n (%). a Chi-square test, differences over 5% are significant. hour VAS score was significantly lower in Group IV compared to all other group differences (p < 0.05). for second hour VAS score, Group I had significantly higher score than Group II and Group IV (p < 0.05) ( Table 4 ).
Morphine consumption values of patients at postoperative hour 24 were determined as 24.04 ± 5.05 for Group I, 23.90 ± 5.51 for Group II, 24.03 ± 5.50 for Group III, 24.08 ± 5.45 for Group IV, and 23.88 ± 4.92 for Group V. Statistical comparison of the groups revealed no significant differences (p > 0.05).
Comparisons were made between the five groups with respect to the patients' modified Aldrete's scores at minutes 5, 15, and 30 post-surgery. No significant differences were identified between these values (p > 0.05) ( Fig. 2 ; Table 5 ). Table 6 shows that patient satisfaction and first oral intake were found to be highest in Group II, whereas first flatus was found to be higher in Group III. Length of hospital stay was highest in the Group IV, and other parameters were highest in the Group V. Kruskal-Wallis test results showed that patient satisfaction, first flatus, and length of hospital stay were significantly different (p < 0.05). According to post hoc test results, Group II had significantly higher patient satisfaction than the other groups (p < 0.05). Patient satisfaction of Group I was sig- nificantly lower than Group III and Group V (p < 0.05). Patient satisfaction of Group IV was higher than Group I, Group III, and Group V (p < 0.05). First flatus of Group I and Group III were significantly higher than Group II and Group V (p < 0.05). First flatus of Group II and Group IV were significantly higher than Group V (p < 0.05). Length of hospital stay was significantly higher in Group I, Group II, and Group V compared to Group III (p < 0.05). Group IV had significantly higher length of hospital stay than all other groups (p < 0.05) ( Table 6 ; Fig. 3 ).
Antiemetic need values for patients between postoperative hours 0 and 24 were determined in 20 (40%) of the patients in Group I, 3 (6%) of the patients in Group II, 4 (8%) of the patients in Group III, 7 (14%) of the patients in Group IV, and 14 (28%) of the patients in Group V. Statistical comparison among the groups revealed a significant difference (p < 0.05).
None of the groups exhibited any side effects such as cardiac arrhythmias, tardiness, dyskinesia, extrapyramidal reactions, increased salivation, or tremors.
Discussion
Haloperidol is a powerful antipsychotic drug which has been used in psychiatry as well as for the control of severe emesis. Haloperidol is well established, and this inexpensive drug has been used to control emesis for more than 40 years despite lack of evidence-based data to support its efficacy and determine its optimum dose on postoperative nausea and vomiting (PONV) [1, 2] . PONV is a serious, common, and distressful complication in patients emerging from general anesthesia. This is particularly common in high-risk patient groups such as females undergoing gynecologic and laparoscopic surgeries who used patient-controlled analgesia with opioids. For anesthesiologists an important goal is determining an appropriate medication for controlling PONV [1, 2, 10] . Despite improvements in new drugs for PONV, it remains an undesirable outcome following general anesthesia. Previous research indicates that up to 30% of patients who received general anesthesia complained of PONV and delayed discharge from the hospital as a result [11] . Therefore, the methods and dosage of prophylaxis against PONV in high-risk patients should be assessed.
In this randomized study, we compared the doses of haloperidol for PONV and we determined that haloperidol was found to be an effective agent against nausea and vomiting at a starting dose of 0.5 mg and can be administered at the doses of 0.5 mg to 2 mg. Patient's satisfaction was higher in the 1-and 2-mg haloperidol groups.
Many studies [12] have investigated haloperidol. In a meta-analysis of 23 randomized trials, the suggested effective dosage of haloperidol to prevent PONV was between 0.5 and 4 mg. In several clinical trials [13] , the reported antiemetic doses of haloperidol were 1 or 2 mg. Joo et al. [10] randomized three study groups to determine the optimum antiemetic dose of haloperidol. At the end of anesthesia, groups were administered saline, 1, and 2 mg of haloperidol, respectively. This dosage was based on doses used in a clinical trial by Dağtekin et al. [14] . PONV scores were significantly lower for patients in the study groups that received haloperidol compared with patients in the placebo group. Dağtekin et al. [14] in their study reported 10 μg/kg haloperidol to be effective in female participants. In another study [15] which tested 5 mg intravenous haloperidol in 1,089 patients with PONV up to 6 h, the incidence of nausea was 16.4% with haloperidol and 43.8% with placebo.
In several literature studies, haloperidol was compared with ondansetron. Pradeep et al. [16] in their study compared the efficacy of haloperidol with ondansetron in preventing PONV after laparoscopic abdominal surgeries. They reported that ondansetron 4 mg is not as effective as 2 mg haloperidol for reducing the incidence of PONV. Yazbeck-Karam et al. [17] in another randomized clinical trial compared haloperidol with ondansetron and reported that haloperidol is not inferior to ondansetron for the early treatment of PONV.
Honarmand et al. [18] in their study divided patients into 4 groups. Group H received haloperidol 2 mg i.v., Group M received midazolam 2 mg i.v., Group HM received haloperidol 2 mg plus 2 mg midazolam, and Group C received saline as placebo. They observed better results with combined administration of haloperidol and midazolam for reducing PONV in patients undergoing middle ear surgery under general anesthesia.
Aghadavoudi [19] conducted a similar study on PONV after strabismus surgery. They reported the lowest incidence of PONV with the administration of 0.05 mg/kg haloperidol plus 0.05 mg/kg midazolam.
Chaparro et al. [20] reported haloperidol's beneficial effects for the prevention of PONV in the first 24 h postoperatively. In addition, the minimum effective dose was reported as 0.5 mg. Raising the dose from 2 mg to 4 mg was used to establish safety. Smaller and single doses should not be associated with serious complications.
Despite haloperidol's long plasma half-life and accompanied opioid patient-controlled analgesia usage, we did not observe any significant differences between the groups with respect to its sedative effects and Aldrete's scores during the recovery period in our study. These findings are similar to those obtained in a study by Chu et al. [21] . Also, they did not report any sedative effects even with 2 mg haloperidol administration compared with saline.
Haloperidol has the potential to cause neurologic adverse effects. Büttner et al. [9] reported that only 1 of 806 patients who received 0.25-5 mg haloperidol i.v experienced extrapyramidal symptoms with a 4-mg dose. In our study, none of the patients showed neurological side effects.
It has been suggested that haloperidol may be cardiotoxic. These drugs at high doses have the potential to prolong the QT interval, thereby carrying the risk for torsades de pointes. We observed no arrhythmia or prolonged QT interval in our study.
In conclusion, haloperidol is antiemetic at doses lower than those used in psychiatric disorders. For the prevention of PONV after surgeries, parenteral single doses between 1 and 2 mg can be used safely. Due to its cost effectiveness it can be an effective alternative to other expensive antiemetic drugs.
